The aim of this multicenter, quantitative, observational study was to analyze compliance and re-training needs of patients on peritoneal dialysis (PD) through the assessment of patient knowledge (with a Patient Questionnaire; phase 1) and patient behavior (home visit with a Score Card; phase 2). A total of 353 patients from 11 Italian centers participated in the first phase and 191 patients from nine centers in the second phase. Overall, 66% of questions on the Patient Questionnaire were answered correctly. Correct answers were more frequent in females than males, in patients under 55 years of age, and in those with higher education. The lowest rate of correct answers involved questions related to diet and physical activity (67% and 51%, respectively). Data collected during the home visit showed that 25% of patients were partially compliant with their drug therapy. Twentythree percent of patients were non-compliant with the exchange protocol procedures, with a significant association between compliance and the incidence of peritonitis, and 11% were non-compliant with the exit-site protocol procedures without a statistically significant correlation to peritonitis. By combining the two evaluations, we found that approximately one-third (29%) of patients needed reinforcement of knowledge and ability to correctly perform PD as related to infection control and 27% for the correct use of drugs. Looking at the combined evaluation of infection control and drug use, results showed that 47% of patients needed re-training. This need for re-training was greater for younger patients (less than 55 years old), patients with lower education degree and patients in the early or late phase of PD therapy (less than 18 months or more than 36 months). Gender and degree of autonomy had no effect on the need for re-training.
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Kidney International (2006) 70, S127-S132. doi:10.1038/sj.ki.5001929 KEYWORDS: peritoneal dialysis; training; education; outcomes; retraining; compliance Renal replacement therapy imposes major restrictions on a patient's lifestyle. Peritoneal dialysis (PD) is managed by patients at home with the advice, support, and supervision of a multidisciplinary team. Patients are taught a dialysis regimen that is tailored as much as possible to their individual needs and lifestyle. This autonomy, one of the benefits of PD, may predispose some patients to poor compliance. Patient compliance could be described as voluntary cooperation of the patient in following a prescribed regimen. 1 Traditionally, patient education in PD is carried out during a training period, with the goal of teaching the proper methods and giving all the information, knowledge and skills needed to allow the patient and his/her family to manage dialysis at home. Over time, compliance of the patient with the prescribed treatment and procedure protocol becomes crucial for the prevention of complications. Modifications to the PD regimen, including poor hygienic conditions, protocol deviations, incorrect diet, and improper drug use, have been empirically acknowledged as important issues by specialists in PD. Infection complications are among the major causes of drop-out from PD to hemodialysis.
This study is based on the hypothesis that the educational intervention must include an analysis of patient compliance over time, aimed at identifying areas in which re-training is required in order to prevent and avoid complications.
Mean training duration was 7-8 days (range 5-10) and included both patients and their partners. Nine centers utilized educational materials provided by Baxter Healthcare and two centers developed their own materials. Compliance to a list of essential content for the training was assessed before starting the study, and all centers were found to be in compliance and providing an overall consistent training. In five centers, home visits were regularly offered to patients.
The lowest peritonitis rate (year 2004) was 1/60 patientmonths and the highest was 1/20 patient-months. The center with the worst peritonitis rate had no staff exclusively dedicated to PD and did not provide home visits. The center with the best peritonitis rate had staff exclusively dedicated to PD and provided periodic home visits.
Drop-out from PD to hemodialysis in the 6 months between the first and the second study phases was 7.1% (range 0-22%).
Phase 1
The Patient Questionnaire was given to the 353 PD patients of the sample group; 76% were completed by the patient and 24% by the patient's partner. The sample group included 206 (58%) males and 143 (41%) females (data missing for 1%). Mean age was 61 years; 31% were p55 years old, 34% between 56 and 70 years, and the remaining third (35%) more than 70 years old. Distribution by education level was: 40% primary school license (141 patients), 26% middle school license (93 patients), 22% high school diploma (76 patients), and 7% university degree (26 patients) (2% other studies; 3% missing data).
Seventy-nine percent of patients were totally autonomous in their dialysis therapy, 12% were partially autonomous, and 9% totally dependent on a partner. Dialysis modality was automated PD in 50% of patients and continuous ambulatory PD in 47% (data missing for 3%). Mean time on dialysis was 33 months; 36% had been on PD for 4-18 months, 30% for 19-36 months, and 34% for more than 36 months.
Answers from the multiple choice questions were classified as correct (all possibilities checked), incomplete (correct answers provided but some missing), and incorrect (presence of wrong answers). An analysis of overall results showed that 66% of questionnaires were correct, 27% incomplete, and 3% incorrect (4% missing data). There were more correct answers in females, in patients younger than 55 years old, and in subjects having higher education (Table 1 ). Figure 1 shows the results of the five areas evaluated by the questionnaire (general knowledge of PD, infection, diet, drugs, and physical activity). A total of 25% of incomplete and incorrect answers were identified. The lowest rate of correct answers concerned diet and physical activity (67% and 51%, respectively).
The category of infection knowledge showed the highest number of correct answers (71%) with a very low number of incorrect answers (1%), and 26% incomplete. In this category, an important lack of knowledge was particularly detected in relation to exit-site dressing, signs of peritonitis, proper use of dialysis solution bags, and maintaining a clean dialysis environment.
Phase 2
A total of 191 patients (58% male, 42% female) from nine centers participated in the second phase of the study. They received a home visit by appointment from a nurse who investigated compliance behavior. The storage site for dialysis supplies was considered adequate for 95% of patients, and the quantity of supplies present was considered adequate in 86% of patients, excessive in 9%, and inadequate in 1% (missing data 4%). Regarding medications, 75% of patients were found totally compliant (complete congruence between drugs present at home and prescribed in the clinical file) and 25% partially compliant. Unfortunately, it was not possible to verify which drug class or prescription were likely to be associated with a lower compliance.
Concerning infection, 74% of patients performed their PD exchanges correctly. Twenty-three percent of patients were not compliant with the exchange protocol recommendations aimed at preventing infections: 9% did not use a mask, 6% did not wash hands, and 8% did not pay enough attention to general hygiene concepts during exchange procedures. Looking at the clinical histories, 34% of the total population experienced at least one peritonitis episode in their clinical life (62% one episode, 32% two episodes, and 6% more than two episodes). Forty percent of peritonitis episodes occurred in the first year of treatment (25% in the first 6 months of therapy), 40% within the third year, and 20% after 36 months.
Compliance with the dialysis protocol seemed to be significantly associated with the incidence of peritonitis. In fact, 22 out of the 44 patients who did not comply with the protocol had at least one episode of peritonitis (absolute risk 50%; 95% confidence interval (CI) 35-65%) compared with 44 of 142 patients who complied with the protocol (absolute risk 31%; 95% CI 23-39%). The relative risk (RR) of peritonitis between non-compliant and compliant patients was 1.6 (95% CI 1.1-2.4), with a total increase of risk equivalent to þ 19% (95% CI 2-36%), number needed to harm (NNH) 5/95% CI 3-45). The statistically significant difference between the compliant and non-compliant patient groups provides important information regarding the possible impact of compliance to the protocol on reducing the risk of peritonitis.
Regarding the protocol for exit-site care, it was discovered that 11% of the patients and/or their partners did not apply it correctly and 81% of patients performed exit-site care following the indications (8% missing data). The relationship between compliance with the protocol for exit-site care and peritonitis rate did not prove to be statistically significant. In fact, the absolute risk of peritonitis in patients who were non-compliant with the protocol for dressing change was 45% (10/22 patients) versus 35% in the compliant patients (53/153 patients) (RR 1.3, 95% CI 0.8-2.2). The difference in peritonitis risk between patients compliant and noncompliant with dressing change protocol did not prove to be statistically significant, but it remains worthy of attention and could be clinically significant (RR 1.3) if applied to a larger sample.
When considering autonomy in performance of PD, the absolute risk of peritonitis was 38.4% (15/58 patients) in patients who were independent in carrying out the procedure, 23.8% (5/21 patients) in partially dependent patients, and 18.8% (3/16 patient) in totally dependent patients. This trend may be interesting. If the group of completely independent patients (38.4% risk) is compared to those partially dependent and completely dependent (21.6%, 8/37), the data can suggest a probable influence of the partner in decreasing the risk of peritonitis. However, the difference between these two groups, the independent and the dependent, in the performance of PD was not statistically significant (RR 1.8, 95% CI 0.9-3.4). This represents a noteworthy trend that may gain statistical significance if studied in a larger population.
The risk of peritonitis did not differ by dialysis technique (automated PD or continuous ambulatory PD). The absolute risk of peritonitis was 35% for both patients undergoing automated PD (35/98) and those undergoing continuous ambulatory PD (30/84) (RR 1, 95% CI 0.08-1.48).
The relationship between patient age and protocol compliance also was analyzed. A binary classification was applied based on the median age of 64 years: young (o64 years of age) and elderly (464 years of age) ( Table 2) . Compliance with the exchange protocol decreased the risk of peritonitis for both young and elderly patients, although among compliant patients, the elderly were more likely to develop peritonitis than the younger patients. Among the non-compliant patients, there was no difference in peritonitis risk.
Re-training need evaluation
The identification of patients who needed re-training was carried out considering those with fewer than 80% positive answers in the evaluated elements during the first and second phases of the study. Data from the Patient Questionnaire used in the first phase and from the Nurse Score Card used in the second phase were weighted. According to this theoretic model, approximately one-third (29%) of patients needed reinforcement of the necessary knowledge and ability for a correct performance of PD regarding infection control and 27% needed further assistance for the correct use of drugs. Furthermore, looking at the evaluation of infection risk and drug use together, results showed that 47% of patients had insufficient knowledge and ability in one or both areas studied, of which 9% show difficulty in both areas.
Patients who needed re-training were from all age groups, though it seems that those between ages 56 and 70 years were less likely to require re-training, and those under age 55 were more likely. Although patients 55 years old or younger represented 31% of the sample, they comprised 47% of those needing re-training concerning infection prevention and 45% of those needing re-training regarding both infection and drug use. The need for re-training was more pronounced in those with elementary or middle school education, compared to those with a high school diploma or a university degree. The gender of the patients was not of significant importance within the study population. The time on dialysis of the patients who needed re-training was relatively homogeneous, although re-training seemed to be more indicated in the first phase of therapy (less than 18 months) in both areas Values denotes episodes/patients (%).
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(infection and drug use) and in the phase in which dialysis is well-established (after 36 months), especially in the area of infection. There was not a noticeable difference in the need for re-training based on the factor of independence or partial or complete dependence, suggesting that even in the cases where a partner assists with or performs dialysis, the need for re-training does not change.
DISCUSSION
Patient education is becoming increasingly important to nephrologists. Its importance is particularly evident in PD patients whose knowledge and skills are necessary to perform renal replacement therapy at home. Before being left alone with their therapy, PD patients undergo a training program that enables them to perform peritoneal exchanges and related procedures in a safe and effective way. Centers are using both industry-developed and self-made educational materials in order to make the learning process easier and quicker for the patient. Despite the fact that training is universally considered a delicate and crucial phase for ensuring positive patient outcomes, considerable variability still exists among centers in terms of duration and even content. Keane et al. 2 identified patient education as a key component in reducing the occurrence of peritonitis. It has also been suggested that when patients are given training based on principles of adult education (andragogy), the training improves the outcome of the patients in dialysis therapy. A multi-faceted educational approach 3 which proved to be effective in the prevention of infection included retraining of all patients currently on dialysis and of all new patients after 6 months and then annually. Aggressive patients and those who deviated from the protocol were included, with the goal of removing, to the extent possible, the various obstacles to a correct treatment procedure.
One recent randomized study 4 documents the success of an 'enhanced' training program as effective in decreasing infection risk in PD. The role of the nurse in this program was central. For proper training and for guaranteeing good compliance, the presence of a nurse with expertise in PD is essential. This so called 'intensive training' is referred to by the End Stage Renal Disease Network of Texas. 5 In their 2002 guidelines, they formulated a specific procedure for managing patients who do not show compliance with dialysis. Various kinds of interventions, which become progressively more intense, are proposed, and evaluation tools are used. The importance of looking into psychological, social, cultural, and other essential factors that may be obstacles to the correct performance of dialysis is stressed. The need of actively involving the patient in the analysis and management of the problem of non-compliance is also emphasized. The approach is gradual, supportive, negotiated with the assisted person, and of a multi-disciplinary nature.
But even good training is not enough. The chronic nature of PD treatment allows progressive modifications of how patients perform their exchanges. With the impression of being more secure and expert, patients tend to skip required items with a general fall of attention to the details of the procedure. This fact is quite well known and also understandable, given the human attitude to adapt to chronic procedures. Nevertheless, during a pilot study conducted at Bergamo Hospital in 1999, 6 a new kind of patient psychological mechanism was discovered. It is what we could call the 'false memory' risk. Patients performing a PD exchange at home made clear mistakes in front of the visiting nurse. It was a surprise to realize how they were not aware of the errors in their procedure. When asked to give explanations, they usually answered that they were behaving as the nurse had taught them during the training phase at the hospital. For the very first time, we discovered how patients could make mistakes without being aware of them and how much they could benefit from a re-training process. The importance of the home visit in evaluating patient compliance has been suggested by Bernardini et al. 7 They discovered compliance with the inventory at the first home visit predicted future compliance with 88% accuracy.
There may be consensus on the need for a PD patient retraining program among many experts in this field. However, in common practice, re-training is limited to patients who have already suffered the consequences of incorrect procedures, such as a first episode of peritonitis or exit-site infection. In this study, we documented the need for a combined theoretical-practical evaluation of PD patients. Such evaluation should test both knowledge and abilities of the patient, as home-based PD outcome is equally influenced by what the patient knows and what the patient does. An evaluation of patient's competencies may have a predictive value on future performances. Therefore, we propose a patient evaluation method which includes two different phases a theoretical evaluation of patient's knowledge, using a 30-item Patient Questionnaire, which includes five different domains (general concepts, infection, diet, drugs, physical activity) and a practical evaluation of patient's ability determined at home using the Nurse Score Card as a check list. The overall results of the questionnaire showed 66% of correct answers. They were more frequent in females, in patients younger than 55 years old and in subjects having higher education. The lowest rate of correct answers concerned diet and physical activity (67% and 51%, respectively).
The home visit was especially effective in discovering a 25% of partial compliance regarding drug therapy, which means that one-fourth of our patients, once home, were not taking therapy as it was prescribed during the hospital visit. Unfortunately, no further analysis could be carried out of this issue, but it would have been interesting to understand if this poor compliance was related to some specific category of drug and/or type of prescription. Twenty-three percent of patients were non-compliant with the exchange protocol procedures, with a significant association with the incidence of peritonitis. This observation reinforces the clinical opinion regarding the effectiveness of compliance with the exchange protocol in reducing the risk of peritonitis. Eleven percent of patients were non-compliant with the exit-site protocol without a statistically significant correlation to peritonitis. This result, however, remains noteworthy and might be clinically significant if applied to a larger population or a longer observation period.
The dialysis technique (automated PD or continuous ambulatory PD) did not show differences in the risk of peritonitis, confirming the hypothesis that it is training and patient skills which make the difference in terms on infection more than the type of treatment per se.
All criteria applied to data weighting were derived from joint decisions of the nephrologists participating to this study. If such criteria are compared with other possible weighting criteria, different outcomes can be observed in the selection of patients who would be candidates for re-training. By using 80% positive answers to evaluated items as the value that identifies those who need and those who do not need retraining, it became clear that home observation is much more suitable and selective in evaluating compliance, even though the questionnaire itself is a reliable instrument.
When we combined the two areas of infection and drug use, 47% of patients appeared to need a re-training program (9% of them in both areas). Re-training need was higher for younger patients (less than 55 years old), patients with lower education degree, and patients in the early or late phase of PD therapy (less than 18 months or more than 36 months). Gender and degree of autonomy were not significant factors.
Based on our experience, we recommend routine performance of an evaluation of patient re-training needs. Both patient knowledge and patient ability, assessed in the home setting, should be evaluated. Our model suggests that a threshold of 80% of correct answers and procedures could be appropriate for deciding whether to perform a re-training procedure.
The third phase of this study, presently in progress, will evaluate the efficacy of the re-training program on patient outcomes, particularly on preventing episodes of peritonitis.
The re-training procedure itself needs to be planned and re-designed. The fact that these patients are already under treatment and know the procedures cannot be neglected. New educational material, aimed at re-training PD patients, has been specifically designed. Such material can be easily used during brief sessions with the patients, aimed at reviewing parts of training which have been forgotten or, consciously or unconsciously, modified.
MATERIALS AND METHODS
This multicenter, quantitative, observational study was composed of two phases. The aims of the study were to analyze PD patient compliance, particularly as it related to infection prevention, and to evaluate the need for re-training through the assessment of patient knowledge (Patient Questionnaire, phase 1) and patient behaviors (home visit assessment and Nurse Score Card, phase 2). Both the Patient Questionnaire and the Nurse Score Card was developed by Baxter Healthcare with the collaboration, input, and advice of all the nephrologists and nurses actively participating in the study.
Patients in need of re-training were identified by the combined score of the two assessments. The study was performed from November 2004 to January 2006.
Phase 1
In Phase 1, a total of 353 PD patients were enrolled at 11 Italian Nephrology units. Each unit had been operating an active PD program for at least 2 years. To be included in the study, patients must have been on PD for at least 4 months.
This first phase screened center characteristics and patient profile by means of two different specifically designed questionnaires. The Center Questionnaire had to be completed by health-care professionals and was aimed at gathering information related to the center and its current PD practice: infrastructure, pre-dialysis education, peritonitis rate, drop-out rate from PD, and patient-related data (demographic, social, and clinical). The Patient Questionnaire consisted of 30 fixed questions and was aimed at gathering data concerning PD patient knowledge in five major areas: general concepts on PD (nine questions), infection (11 questions), diet (four questions), drugs (three questions), and physical activity (three questions).
Patients received the questionnaire directly from their dialysis staff and were asked to complete it preferably in the hospital setting. They also had the opportunity to complete it at home and return it to the center within 1 month. The Patient Questionnaire had been previously tested and validated on 50 PD patients during a singlecenter pilot study conducted at Bergamo Hospital in 1999 6 and was proven effective in terms of data gathering and patient understanding. That pilot investigation highlighted an overall satisfactory level of patient knowledge and a specific need for re-training in the dietary regimen area.
Phase 2
In Phase 2, a total of 191 PD patients were enrolled from nine of the 11 PD centers that participated in Phase 1. Patient behavior was assessed using a paper Nurse Score Card that was completed by the renal nurse at the home of patients who gave their previous consent to the visit. The structured checklist enabled nurses to verify environmental hygiene, procedures in performing the peritoneal exchange, storage of material (quantity and quality), and drug compliance (physical presence of pill boxes and congruence with the prescribed therapy in patient clinical file).
No conditions were identified of particular deontological, ethical, or legal nature that might have been an obstacle to the present study; in some hospitals authorization was asked and obtained by local ethical committees.
Data weighting
Patients needing re-training were identified as those who in the first and second phases of the study had less than 80% correct results of evaluated items in the area of infection, which was the area more thoroughly studied in both phases. Data from the questionnaire used in the first phase and data from the observational score card filled in by nurses during home visits in the second phase were weighed. Weighting criteria were derived from consensus conferences of this re-training study group. The weight of the questionnaire was estimated as 30% (11 questions, considering positive answers) and the weight of the observation was 70% (18 items evaluated during home visit) of the total available elements. This choice is due to the consideration that the reliability of the two instruments is different. In fact, a questionnaire tends to return information about what patients or their partners perceive or know, rather than what really happens at home during PD procedures, which is better described by the home visit score card.
